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Abstract
In this paper, a new methodology of performance evaluation of photovoltaic system in Japan for future use in the
Sahara Solar Breeder project (SSB) is investigated. This methodology can identify five losses of the PV system based
on simple four measured data. This evaluation methodology known as sophisticated verification (SV) method is
important for the design and installation of a PV system in the desert of Algeria. This will eventually to an
establishment of a global clear energy superhighway as a solution to global energy challenges. Monitoring and
Performance evaluation results are included and thoroughly discussed in this paper.
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1. Introduction
Nowadays, natural resources, such as oil, coal, natural gas, and nuclear are known to be finite and
limited in time and may generate pollution which is of great concern to environment and problems such as
global warming.  On the contrary, the use of clean renewable energy sources, such as solar power has
become a major player in the solution for the energy crisis in the near future.
In recent years, the efficiency of solar modules has been improved drastically, and now reach 40% by
the use of new technologies [1]. This has pushed photovoltaic system to become an essential system in the
production of electrical power worldwide.
Various types of solar photovoltaic systems have been designed and commercialized in the market with
different characteristics and prices all of which convert solar radiation into electricity. The monitoring and
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evaluation of such systems have become essential since they define the characteristics and behavior with
the temperature, spectral mismatch and so on in outdoor environment [2, 3].
The monitoring can provide useful information about their operation and may determine what is
needed to be done to improve their performance if the data is reported correctly, otherwise the effort is
wasted. To be useful, a monitoring report must provide information on relevant aspects of the operation in
terms that can be easily understood by a third party. Appropriate performance parameters must be chosen,
and their values are constantly updated. In some cases, it may be useful to monitor the performance of
individual components in order to refine and improve the system performance, or be alerted to a loss of
performance over time for preventive action. In the typical monitoring situation, output will be sensed
every minute, or every hour and the result stored. Even with hourly or minutely sensed output a huge
amount of data is generated. To be useful, the raw data must be checked for integrity then summarized.
Data needs to be collected for at least twelve months to reflect seasonal variations, even though monthly
averages are a convenient interval for summarizing energy production, consumption, losses and efficiency
[4].
In this paper, an assessment of the performance of PV system installed in the National Institute of
Advanced Industrial Science and Technology in Tsukuba in Japan will be reported. The sophisticated
verification (SV) method will be used to identify five losses and performance ratio based on simple four
measured recorded data. This evaluation methodology of PV system will be the key of monitoring and
evaluation of PV system in the desert of Algeria as a part of Sahara Solar Breeder (SSB) project in near
future [5].
Nomenclature
Pmea measured maximum power under outdoor condition (kW)
PSTC measured maximum power under standard condition test (kW)
Gmea measured irradiance (kW/m2)
GSTC irradiance under standard condition test (kW/m2)
Tmea Measured module temperature (°C)
α Temperature coefficient (W/°C)
ES Theoretical array output (kWh)
EAT Array output converts into cell temperature on STC (kWh)
ENM Array output on no mismatch line (kWh)
EA Array output (kWh)
EP System output (kWh)
lPT Efficiency decrease by temperature (kWh)
lHS Shading losses (kWh)
lPM Power mismatch losses (kWh)
lC Inverter losses (kWh)
lPO Other losses (kWh)
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2. System description
Four photovoltaic systems are monitored, two mc-Si systems and two CIS systems as depicted by Fig.
1. Table 1 gives the specifications of these PV systems.
Table 1. Specifications of the photovoltaic systems
Type RK148/A-HP
mc-SI
SC75-A
CIS
Pmax 158.0 75 W
Ipm 6.82 A
Modules Vpm 23.2 V
Isc 7.58 1.85 A
Voc 28.9 40.5 V
Number of modules 27 30
Series 9 5
Parallels 3 6
Pmax 4266 2250 W
Ipm 20.46 A
System Vpm 208.8 V
Isc 22.74 11.1 A
Voc 260.1 202.5 V
Inverter Type KP-40F KP-40F
Capacity 4 4 KVA
Fig. 1. Photovoltaic system
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3. Evaluation method
The SV method can identify five losses of the system, efficiency decrease by temperature, shading losses,
power mismatch losses, inverter losses and other losses. The principle of the SV method is shown by Fig.
2.
Typical kinds of data acquisition system are hourly in-plane irradiance, PV array temperature, array
output power and power conditioner. However in-plane irradiance data are essential to estimate the total
energy input into PV array.
Fig. 2. Principle of SV method
By using the SV method, we can divide the operational PV system data into performance ratio PR and
losses Xl . To identify losses, compensation factors are calculated Xk as shown in Fig. 3.
Performance ratio (P.R.) is given by equation (1) as follows:
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Fig. 3. Compensation factors
The graph as shown in Fig. 4 is the first step of the SV method analysis. Scattered dots are the hourly data
EAT after temperature effect compensated. A lower line straight line drawn as upper envelope of scattered
dots is called no mismatch line ENM which means the most efficient performance and no shading and no
mismatch power. The upper line straight line is the theoretical array output of the PV system ES .
Fig. 4. No mismatch line and theoretical output array
The losses are calculated by the following equations:
a) Efficiency decrease by temperature
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b) Hourly shading losses
The principle of calculation of shading losses is that the shading should be the shadow from
obstacles such as building or tree, etc. there is at least one day with fine weather in a month
as shown in Fig. 5 [2]. The shading factor is calculated as follow:
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Fig. 5. Monthly shading rate
c) Hourly power mismatch losses
 PM NM HS ATl E l E   (6)
d) Inverter losses
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5. Results and discussion
The PV system was monitored and evaluated from August 2009 to September 2012. The Monthly
performance ratios and losses are calculated for the PV system installed in AIST Tsukuba as depicted in
Fig. 6 and Fig. 7.
In Fig. 8 the performance ratios and losses are illustrated for the four PV systems during the period of
evaluation.
Fig. 6. Monthly performance ratio and losses of the two mc-SI systems (2009/08-2012/09)
Fig. 7. Monthly performance ratio and losses of the two CIS systems (2009/08-2012/09)
The Fig.9 shows the performance ratio and losses for the whole PV system. It can be observed that the
performance ratio is about 79% and losses are distributed on the remaining 21%. The inverter losses is
8% which acceptable value and this parameter is calculated directly because the both input and output
energy values are monitored directly. The other losses are distributed in the range of 2% to 4%. In Japan
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the temperature losses are not very high this is due to the average temperature during the year which is
not much higher than in the desert. For the shading losses it depends to the situation of the installation of
the PV system, it is very important to choose a place for the installation without any obstacles. The power
mismatch losses, generally is dependent on the maximum power point tracking method and to other
factors which can be investigated in future and reported in other papers.
Fig. 8. Performance ratio and losses of the four PV systems  (2009/08-2012/09)
Fig. 9. Evaluation result with SV method (2009/08-2012/09)
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6. Conclusion
The authors had applied the SV method to evaluate a PV system located in AIST Tsukuba in Japan.
This study is concerned with the activities of Sahara Solar Breeder (SSB) project. The methodology of
evaluation of PV system established in this paper will be used to evaluate a PV system which will be
installed in the desert of Algeria as a part of the SSB project.
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